Behavioral studies have suggested that the stabilization of motor memory varies depending on the practice schedule. The neural substrates underlying this schedule-dependent difference in memory stabilization are not known. Here, we evaluated the effects of 1-Hz repetitive transcranial magnetic stimulation (rTMS) applied to different cortical regions and sham after one session of training (Day 1) of sequential motor skills acquired through blocked (each sequence was completely trained before training the next)-practice schedules and random (random training of 3 sequences)-practice schedules. The recall of sequences learned on Day 1 by Day 2 was measured in different groups of healthy volunteers. The rTMS over the supplementary motor area (SMA) but not over control regions or over the primary motor cortex (M1) immediately after practice or over SMA 6 h later reduced recall relative to sham only in the blocked-practice group. In contrast, recall in the random-practice group was unaffected by rTMS. These results document a differential contribution of the SMA to the stabilization of motor memories acquired through different practice schedules. More generally, they indicate that the anatomical substrates underlying motor-memory stabilization (or their temporal operation) do differ depending on the practice schedule.
Introduction
After practice, a newly learned skill undergoes a period of stabilization (a form of consolidation) before it becomes stable and resistant to disruption by subsequent interference (McGaugh 2000; Dudai 2004; Robertson et al. 2004; Krakauer and Shadmehr 2006) . The time course of memory stabilization and its underlying neural circuitry differ depending on the sensory modalities where learning occurs and the type of task (e.g., Karni and Sagi 1993; Brashers-Krug et al. 1996; Muellbacher et al. 2002; Walker et al. 2003; Seitz et al. 2005) .
One area of study that has elicited substantial interest in recent years has been the investigation of the influence of practice schedules on acquisition and retention of motor skills, an issue relevant to neurorehabilitation of the motor function (Schmidt 1975 (Schmidt , 1991 Hanlon 1996; Krakauer, 2006; Lin et al. 2007 ; Reis et al. 2008) . Previous work has proposed that practice schedule may influence the retention of motor memories (Shea and Morgan 1979; Schmidt 1988; Magill and Hall 1990; Hall and Magill 1995) . Shea and Morgan (1979) reported that the retention of a learned sequence was better when practice of different motor sequences was random rather than when practice of each sequence was completed before the next was practiced. The authors found that randomizing the order of trained sequences from trial to trial produced a context that resulted in superior long-term retention, referred to as the contextual-interference effect. Consistent with these findings, recent behavioral studies have also indicated that practice schedule influences motor-memory stabilization after learning (Osu et al. 2004; Overduin et al. 2006) . These findings suggest that simultaneous learning of multiple skills in randomized order may accelerate or facilitate posttraining memory stabilization and thus have advantageous effects in the long-term retention of a learned task (Robertson et al. 2004) .
The learning of motor sequences engages an extensive network that includes the supplementary motor area (SMA), primary motor cortex (M1), parietal regions, cerebellum, and basal ganglia. The SMA, with its extensive interconnected network, plays a pivotal role in motor skill learning in general and in sequential motor behavior in particular (Tanji and Shima 1994; Tanji 1996; Gerloff et al. 1997; Honda et al. 1998; Nakamura et al. 1998 Nakamura et al. , 1999 Doyon et al. 2002; Hikosaka et al. 2002; Doyon et al. 2003; Perez et al. 2007; Doyon et al. 2009 ). Previous work has provided evidence of the involvement of M1 in the stabilization of learning of simple ballistic movements as well as sequential movements (Muellbacher et al. 2002; Baraduc et al. 2004; Robertson et al. 2005) . It is largely unknown, on the other hand, how the practice schedule influences the neural circuitry of posttraining motor-memory stabilization including the involvement of M1 and, the focus of this study, if SMA plays a contributory role. Previous behavioral and theoretical studies have proposed that multiple episodes of retrieval of a motor skill interspersed with the practice of another skill provide opportunities for better stabilization of memory traces (Shea and Morgan 1979; Lee and Magill 1983; Robertson et al. 2004 ). Therefore, it is possible that sequential motor memories encoded during random practice could have been more firmly stabilized in the SMA and be more resistant to physiological interference than during blocked practice. To address this question, we evaluated the ''virtual lesion'' effects of 1-Hz repetitive transcranial magnetic stimulation (rTMS) applied over the SMA and control cortical regions as well as sham stimulation immediately after the practice of 3 different motor sequences trained in 2 different practice schedules: blocked and random. We hypothesized that rTMS over the SMA would disrupt the recall of learned motor skills more after blocked practice than after random practice.
Materials and Methods

Subjects and Experimental Design
Sixty healthy volunteers (25 of them females, 27.7 ± 7.0 years) who were randomly assigned to 4 different groups (n = 15 each) participated in Experiment 1, which was geared to determine what effects the disruption of SMA activity with 1-Hz rTMS versus sham stimulation immediately after practice had on recall on Day 2 with the 2 different practice schedules (blocked and random). The 4 groups were as follows: (A) sham stimulation shortly after blocked practice, (B) 1-Hz rTMS over the SMA shortly after blocked practice, (C) sham stimulation shortly after random practice, or (D) 1-Hz rTMS over the SMA shortly after random practice (Fig. 1A) . In Experiment 2, 63 additional subjects (20 of them females, 25.0 ± 4.6 years), who were divided into 5 groups, were later recruited to study what effects the disruption of SMA 6 h after practice had ended and the stimulation of other cortical regions also shortly after practice had ended had on recall on Day 2: (E) 1-Hz rTMS to a control position 2 cm posterior to Cz (international 10--20 system, n = 12), (G) to the left M1 (n = 13) shortly after blocked practice, (H) to the left M1 shortly after random practice (n = 13), (I) to the left dorsal premotor cortex (PMd) shortly after random practice (n = 13), and (F) 1-Hz rTMS to the SMA 6 h after blocked practice (n = 12) (Fig. 1A) .
The purpose of Experiment 1 (groups A--D) was to explore what differential effects a virtual lesion disruption of SMA (Pascual-Leone et al. 2000) immediately postpractice had on recall on Day 2 with the 2 practice schedules, blocked and random. Groups E--I (Experiment 2) were added to characterize the temporal and spatial specificity of the effects of SMA stimulation on stabilization with the 2 practice schedules. For random practice, the M1 (Muellbacher et al. 2002; Baraduc et al. 2004; Robertson et al. 2005; Lin et al. 2008 Lin et al. , 2009 ) and PMd (Shadmehr and Holcomb 1997; Cross et al. 2007) were targeted because previous studies have suggested the possible involvement of these structures in the stabilization of motor skills. All subjects were right handed and had given written informed consent before the experiments. None of them had a history of psychiatric or neurological illness. The experiment was approved by the National Institute of Neurological Disorders and Stroke Ethics Committee and the local Ethics Committee of the National Institute for Neuroscience.
All subjects came to the laboratory on 2 subsequent days (Days 1 and 2). On Day 1, they practiced 3 motor sequences (6 training blocks of 12 sequences per block for a total of 72 sequences. Each sequence was practiced 24 times in a blocked-or a random-practice schedule (Fig. 1B) . In the blocked-practice groups, they completed all practice trials of each sequence before proceeding to the next. In the randompractice groups, subjects practiced the 3 sequences intermixed in random order. The recall test on Day 2 consisted of 12 trials of the previously learned sequences (4 trials per sequence), and the order of sequences was counterbalanced across the subjects (Fig. 1B) .
Sequential Visuomotor Task
We used a sequential-visuomotor task similar to that described by Shea and Morgan (1979) in which the contextual-interference effect was best described. Subjects sat in an armchair and visual stimuli were Figure 1 . Task and experimental design. (A) Healthy volunteers were divided into 9 groups. In the main experiment, 4 groups were evaluated in a 2 3 2 factorial design, defined by the type of practice (blocked/random) and rTMS (sham/SMA). Five more groups were studied in a set of additional experiments. (B) Experimental design. On Day 1, subjects practiced 6 training blocks (12 sequences/block). Different groups trained the 3 sequences in blocked (all sequences of each type were practiced before the next sequence was introduced, first red, then blue, and later green) or random (practice of the 3 sequences was intermixed) order. 1-Hz low-frequency rTMS or sham was applied over different brain regions shortly after or 6 h after the training ended. The recall test on Day 2 consisted of 12 trials of the previously learned sequences (4 trials per sequence), and the order of sequences was counterbalanced across the subjects. (C) Sequential visuomotor task, modified from Shea and Morgan (1979) . Subjects were instructed to focus on a central fixation point and subsequently warned of the upcoming trial by the presentation of a ready (red cross) signal for 500--2000 ms. After the ready signal disappeared, a visual cue composed of a red, blue, or green central square surrounded by 4 gray squares was presented. Each color was associated with a particular order of 5 subsequent mouse movements that started and finished at the central square. The subjects' instructions were to move a screen cursor with the mouse and click on each of the 4 targets one at a time. If it was the correct target, it disappeared from the screen and subjects were required to move and click the next target. If it was an incorrect target, it did not disappear and subjects were required to move the cursor toward the other peripheral targets (see Materials and Methods). The RT from the presentation of the visual cue to the end of each sequence represented the end point measure of a previous landmark study (Shea and Morgan 1979) . (D) Practiced sequences. The numbers (not shown to the subjects in the actual experiment) indicate the order of the targets in each sequence.
presented on a computer screen using a script based on Presentation software (Neurobehavioral Systems, Albany, CA). They were initially instructed to focus on a central fixation point (3--5 s) and subsequently warned of the upcoming trial by the presentation of a ready (red cross) signal for 0.5--2 s. After the ready signal disappeared, a visual cue composed of a red, blue, or green central square surrounded by 4 gray squares was presented. Each visual cue color was associated with a particular order of 5 subsequent mouse movements that started and finished at the central square (see Fig. 1C for an example of a sequence time course and Fig. 1D for the order of mouse movements in the 3 learning sequences). The subjects' instructions were to move the screen's cursor with the mouse and click on each of the 4 targets one at a time until all targets were completed. Subjects were asked to be as fast and accurate as possible. The visual cue color was visible until subjects started to move the cursor and the center square changed color to gray at the onset of mouse movement. For each single mouse movement, if the chosen target was correct for that particular sequence, the target disappeared from the screen and subjects were required to move the cursor to the next target and click onto it. If it was the incorrect target, it did not disappear and they were required to move the cursor toward the other peripheral targets until they hit the correct one. For example, the correct sequence for the red visual cue was right-up, left-up, right-down, left-down, and central square (Fig. 1C,D) . For all sequences, the last target was always the square at the center of the screen. The intertrial intervals ranged randomly between 3 and 5 s. The response time (RT), that is, the primary end point measure of the study, was defined as the time between the onset of the presentation of the visual cue and the mouse click onto the last target stimulus (central square). For each participant, the median RT of 12 sequences (4 for each of the 3 practiced types: red, blue, and green in Fig. 1B ) was calculated for each practice block on Day 1 (e.g., the value representing RT in Block 1 in each individual was the median of the first 4 red, the first 4 blue, and the first 4 green practiced sequences; in Block 2, it was the median of the second 4 red, the second 4 blue, and the second 4 green sequences, etc.) and at recall time on Day 2. Group data were calculated as the mean ± standard error of the individual median values. This analysis was required to compare improvements in performance over the practice time across the 2 training types (random and blocked). We also evaluated performance in an untrained, nonsequential, simple visuomotor task as a controlmotor task. The purpose was to determine if the hypothesized disruptive effects of rTMS were specific to the newly learned sequential skill or represented a less specific effect on motor function in general (see Supplementary material for details).
Transcranial Magnetic Stimulation
The rTMS was delivered from a Magstim Rapid Stimulator (Magstim Company, Whitland, UK) through 80-mm figure-eight coils that allowed delivery of real or sham stimuli. At the beginning of each experiment, we determined the resting motor threshold (rMT) for the right first dorsal interosseous (FDI) muscle over the left M1. The rMT was defined as the lowest intensity of transcranial magnetic stimulation (TMS) output required to elicit the motor-evoked potentials (MEPs) of at least a 50-lV peak-to-peak amplitude in at least 5 of the 10 consecutive trials (Rossini et al. 1994) . The coil was placed tangential to the scalp with the junction region pointing backward and laterally at a 45°angle away from the midline (Di Lazzaro et al. 2004) . In Experiment 1, we evaluated what effects 1-Hz rTMS over the SMA (15 min at 115% rMT intensity) or the sham applied shortly after practice had on recall on Day 2. The same intensity and duration of rTMS, which was started within 10 min after practice had ended in all groups, was used in all the experiments (115% rMT intensity for the FDI). The 1-Hz rTMS results in decreased excitability of the underlying cortical areas Robertson et al. 2003 ) and can successfully downregulate activity in the SMA (Tanaka et al. 2005; Perez et al. 2007 Perez et al. , 2008 . When applied over the M1, this stimulation protocol decreases motor cortical excitability and influences the motor stabilization of tasks practiced in a blocked schedule (Muellbacher et al. 2002; Baraduc et al. 2004 ). The site of stimulation for each cortical area was determined using previously described procedures (Matsunaga et al. 2005; Perez et al. 2007 Perez et al. , 2008 ; see Supplementary material for details).
Electromyographic Recordings
The electromyographic (EMG) activity was recorded from surface electrodes positioned on the skin overlying the FDI and tibialis anterior muscles in a bipolar montage (interelectrode distance, 2 cm). The EMG signals were amplified, filtered (band-pass, 25 Hz to 1 kHz), sampled at 2 kHz, and stored on a personal computer for off-line analysis.
Data Analysis
The median RT of 12 sequences (including the 3 practiced sequences) was calculated for each participant for each practice block on Day 1 and at the recall time on Day 2. Repeated measures analysis of variance (ANOVA) was implemented with ''practice'' (blocked vs. random) as a between-subjects factor and ''time'' (6 practice blocks) as a withinsubject factor to evaluate Day 1's practice. The effects that 1-Hz rTMS (real or sham) applied over the SMA immediately after practice on Day 1 had on recall on Day 2 with the 2 different practice schedules (random and blocked, groups A--D) were analyzed with a two-way factorial ANOVA design with between-subject factors of practice (blocked vs. random) and rTMS (SMA vs. sham): blocked/sham, blocked/SMA, random/sham, and random/SMA. To gain information on the temporal and spatial specificity of rTMS effects, we included the 5 additional groups described above (E--I). One-way ANOVA was performed for each practice schedule (blocked and random). The values were considered significant if P <0.05.
Results
Experiment 1
The male/female ratios, age, rMT, duration (h), and quality (a visual analog scale ranging from 1 to 10) of sleep time on the nights before recall testing, as well as experience (in years) and frequency of use of a computer mouse (days per week), were comparable across the 4 experimental groups (see Supplementary material). The mean RT and error response (the number of incorrect mouse clicks) on the initial block of training on Day 1 and the recall test on Day 2 had significant positive correlations (r = 0.59, P <0.001 for the initial block on training on Day 1; r = 0.45, P <0.001 for Day 2). No negative correlations were observed throughout the experiment, indicating there was no trade-off in speed accuracy.
Day 1
To evaluate the practice effects on training on Day 1 (preceding rTMS application), the RT data of the 4 groups (blocked/SMA, blocked/sham, random/SMA, and random/ sham) were subjected to two-way ANOVA with factors practice (blocked vs. random) and time (6 practice blocks; Fig. 2 ).
There was a significant main effect of time (F 5,290 = 57.69, P < 0.001, indicating that subjects improved RT as practice proceeded), practice (F 1,58 = 14.67, P < 0.001, pointing to the fact that subjects in the blocked-practice groups responded faster overall than those in the random-practice groups), and practice 3 time interaction (F 5,290 = 26.81, P < 0.001) on RT. RTs over the practice period were slower at the beginning of Day 1 in the random groups than in the blocked groups. However, the difference in RT became progressively shorter over the practice time. The results of one-way ANOVA in the last training block (number 6) across all 4 groups were not significant (F 3,59 = 0.31, P = 0.82). Therefore, preceding the application of rTMS, subjects in the sham and real rTMS groups in both practice schedules had comparable performance, reaching similar RT.
Day 2
Despite the comparable performance at the end of the training on Day 1, we found a significant main effect of practice (F 1,56 = 14.99, P < 0.001) and practice 3 rTMS interaction (F 1,56 = 4.04, P < 0.05) but not rTMS (F 1,56 = 2.43, P = 0.13) on RT at the recall time on Day 2 (Fig. 3A) . These findings indicate that rTMS over the SMA shortly after the training period ended influenced recall differently on Day 2 depending on the practice schedule. Post hoc analysis revealed that RT on Day 2 for the blocked-practice group was significantly slower in the SMA-stimulation group (3256 ± 110 ms) relative to the sham group (2961 ± 69 ms, Bonferroni correction, P = 0.014), in the absence of differences between the random-practice groups, sham (2808 ± 64 ms), and SMA stimulation (2770 ± 81 ms, P = 0.75). By recall time on Day 2, subjects in the blockedpractice groups with rTMS over the SMA lost virtually all RT improvements acquired during learning on Day 1. rTMS did not significantly affect the error rate or reaction times (see Supplementary material for details). Figure 3B shows the results for delta RT, defined as a between-session change in RT (mean RT in the last training block of Day 1 -RT in the recall testing on Day 2), which were comparable to those of raw RT: significant effects of practice (F 1,56 = 30.46, P < 0.001) and practice 3 rTMS (F 1,56 = 5.43, P < 0.05) interaction but not rTMS.
Control Task
The mean RTs of the 4 groups A--D before practice in Experiment 1 were comparable for the blocked and random schedules (two-way ANOVA, practice: F 1,56 = 0.19, P > 0.66; rTMS: F 1,56 = 0.01, P > 0.93). On Day 2 ( Supplementary Fig. B) , the main effect of practice on RT was significant (F 1,56 = 8.71, P = 0.005), whereas there were no significant effects of rTMS (F 1,56 = 1.01, P = 0.32) or practice 3 rTMS interaction (F 1,56 = 0.97, P = 0.33). Post hoc comparisons between sham and rTMS conditions for each practice schedule also did not reveal significant differences (blocked practice, t 28 = 1.24, P = 0.23; random practice, t 28 = 0.02, P = 0.99). These results indicate that rTMS did not affect recall in the untrained control-motor task.
Experiment 2
The effects of 1-Hz rTMS over the SMA on the stabilization of RT after blocked practice had temporal and spatial specificity (Fig. 4) . One-way ANOVA indicated a significant difference in recall on Day 2 for the 4 blocked-practice groups (F 4,62 = 2.49, P = 0.05; Fig. 4A ). Post hoc analysis revealed that relative to the sham group, the mean RT at recall time on Day 2 was significantly slower in the group that received 1-Hz rTMS over the SMA immediately after blocked practice (Dunnett t-test, P = 0.019) but not after 6 h of practice, after stimulation of the M1, or after stimulation of the control position, Cz-2. Thus, stabilization of the procedural skill memory acquired in a blocked schedule was SMA dependent immediately after but not 6 h following the practice. Recall testing on Day 2 after random practice was not affected by 1-Hz rTMS over any of the regions evaluated (SMA, left M1 or left PMd, one-way ANOVA, F 3,52 = 0.15, P > 0.90; Fig. 4B ).
Discussion
Two novel findings emerged from this study, in which subjects learned a procedural motor skill in different practice schedules: Figure 2. Effects of practice on RTs during learning on Day 1. As expected, RTs were initially longer in the random-practice groups (black circle and gray squares) than in the blocked (gray triangles and diamonds)-practice groups. It is evident that all 4 groups improved with training (although at different paces), reaching comparable RT at the end of the practice session (Block 6) on Day 1. Data are expressed as mean RT ± standard error. *P \ 0.05.
1) rTMS over the SMA shortly after training disrupted the motormemory stabilization of the learned sequential movements but not the control task, and 2) this effect was practice schedule specific, present with blocked but not with random practice. The SMA plays an important role in the execution and learning of sequential movements (Tanji and Shima 1994; Tanji 1996; Nakamura et al. 1998 Nakamura et al. , 1999 Hikosaka et al. 2002; Doyon et al. 2003; Perez et al. 2007; Doyon et al. 2009 ). Recent data, demonstrating the modulation of activation of SMA-based networks immediately after a sequential motor task was practiced (Peigneux et al. 2006 ) and during rapid eye movement sleep (Maquet et al. 2000) , have been interpreted as suggestive of the involvement of SMA in motor-memory stabilization. We designed this study to evaluate what effects the disruption of SMA using a virtual lesion approach had on motor-memory stabilization.
The subjects in all 4 groups in Experiment 1 were matched for age and gender, had comparable initial performance levels in the control-motor task, experience with mouse use, sleep quality and time, and rMTs to TMS. At the onset of training, subjects in the random-practice groups started with slower RT in the sequential task than subjects in the blocked-practice groups, consistent with the need for frequent alternation of practice sequences (required for random practice) and in accordance with the contextual-interference effect (Shea and Morgan 1979; Magill and Hall 1990) . Over the training period, the 4 groups (A--D) reached comparable RT levels by Block 6 (Fig. 2) , indicating similar performance at the end of Day 1. rTMS was applied shortly after the training ended to all groups.
Stabilization of Motor Memory in Blocked-Practice Schedule
In the blocked-practice groups, 1-Hz rTMS over the SMA immediately after practice resulted in longer RT at recall time on Day 2 relative to sham. By contrast, there were no significant effects on RT in the group that received 1-Hz rTMS over the SMA after 6 h of practice, after stimulation of the M1, or after stimulation of the control position, Cz-2. This demonstrated spatial and temporal specificity of the consequences of SMA disruption. The timing at which rTMS over the SMA disrupted stabilization of this motor memory indicated that the stabilization process required more than 10 min following the end of training (when rTMS application started) but less than 6 h (when the application of rTMS did not affect subsequent recall). An alternative view could be that rTMS over SMA accelerated the memory decay seen partially in the sham group (Fig. 3B) .
Such temporal specificity is consistent with the proposal for a migration of consolidated memories over time postpractice to other brain regions (Shadmehr and Holcomb 1997; Hikosaka et al. 2002; Doyon et al. 2003; Perez et al. 2007; Doyon et al. 2009 ). The short lasting duration of the effects of 1-Hz rTMS on cortical excitability (approximately 30 min) as well as the specificity for stabilization of the practiced sequence but not the control task rule out a direct effect or rTMS applied on Day 1 on general motor performance tested on Day 2. One interesting feature of our investigation using motor sequences was that the stimulation of SMA disrupted subsequent stabilization while the stimulation of M1 did not. This result is consistent with a previous report in which subjects learned to compensate for dynamic force fields in a way that required precisely coordinated muscle activity (Baraduc et al. 2004 ) and this differs from another study that used a maximal-force generation task (Muellbacher et al. 2002) . It is conceivable that the relative involvement of M1 and SMA in the stabilization of motor memories may depend on the type of task that has been learned or even on the learning strategy used to learn it.
Stabilization of Motor Memory in Random-Practice Schedule
Contrary to the findings with blocked practice, recall on Day 2 in the random-practice group was unaffected by rTMS. These results indicate that the anatomical structures underlying motor-memory consolidation differ depending on the training schedule. What are the possible mechanisms that could mediate this difference? One possibility is that motor memories encoded during random practice could have been more rapidly and firmly stored in the SMA than those stored through blocked practice, becoming more rapidly stabilized and resistant to rTMS interference in general or requiring higher parameters for SMA stimulation ), which we did not use in this study. Alternatively, motor memories encoded during random practice may become more rapidly SMA independent before the rTMS is applied, migrating to other brain regions like the striatum (Miyachi et al. 1997; Maquet et al. 2000; Doyon et al. 2002; Miyachi et al. 2002; Lehericy et al. 2005; Peigneux et al. 2006 ) and/or parietal cortex (Shadmehr and Holcomb 1997; Huber et al. 2004; Fischer et al. 2005; Walker et al. 2005; Robertson and Cohen 2006) . The rapid-stabilization hypothesis is consistent with a recent electrophysiological study in which rodent's spatial memory became more rapidly stabilized and hippocampus independent when each practiced task fits into a previously acquired framework of reference (Tse et al. 2007 ).
The presence of such a preexistent framework may help to interpret and consolidate new incoming practiced sequences. With a random schedule, each time a subject is confronted with a changed sequence, memories of the previously practiced sequence may persist (possibly partially consolidated as a framework). The presence of the previous framework of reference may enable new incoming practice to consolidate the task more efficiently (Schmidt 1975 (Schmidt , 1988 (Schmidt , 1991 Lee and Magill 1983; Hanlon 1996; Robertson et al. 2004) . With blocked practice, subjects train each sequence for the same amount of time as with random practice but may have less opportunity (in the absence of frequent changes in the order of practiced sequences) to relate each newly presented sequence with a previously partially consolidated framework of reference. A third interpretation is that the sequences practiced in the random schedule may not require stabilization.
Our empirical findings indicate that the anatomical structures underlying motor-memory consolidation differ depending on the training schedule. Previous studies have shown that the time course of memory stabilization and its underlying neural circuitry differ depending on the motor task (e.g., BrashersKrug et al. 1996; Muellbacher et al. 2002; Walker et al. 2003; Baraduc et al. 2004; Robertson et al. 2004; Krakauer and Shadmehr 2006) . Our present results demonstrate that the neural circuitry involved in consolidation differs even when subjects practice the same task with different schedules. This finding is consistent with molecular studies in which protein expression required for long-term memory formation depends on practice schedule (Yin et al. 1995; Genoux et al. 2002) . Recent theoretical and behavioral work proposed multiple processes in motor-memory stabilization (Smith et al. 2006; Lee and Schweighofer 2009) . Smith et al. (2006) postulated a twostate model, one supporting fast initial motor learning followed by rapid forgetting and a second, slower process, contributing to longer-lasting, more stable, motor-memory formation. In our experimental design, it is possible that random practice influences the latter by facilitating protein expression required for long-term potentiation-like mechanisms in the SMA, a region engaged in learning and memory of sequential multiple movements, similar to those used in our investigation (Tanji and Shima 1994; Shima et al. 1996; Tanji 1996; Tanji 1998, 2000) .
A recent study indicated that performance in the last block of training in a sequential-movement task affects later stabilization and associated changes in the blood oxygen level-dependent signal (Albouy et al. 2008) . Performance levels in the last block of training were comparable across blockedand random-practice groups in our study, and therefore, the previous explanation could not account for across-group differences in memory stabilization (Fig. 2) . It is conceivable, on the other hand, that the different rate of learning from first to last training blocks (faster in the blocked than in the random group) played a contributory role.
Finally, it should be kept in mind that the behavioral effects of applying rTMS over the SMA could represent the consequences of focal disruption of activity in this region, of disruption of its interconnected areas, and/or of disruption of the ability of the rest of the brain to compensate for the SMA disruption (Perez et al. 2007 ).
Conclusions
In summary, our results provided direct evidence, using a virtual lesion approach, of 1) the involvement of the SMA in stabilization of motor memories and 2) the differential contribution of the SMA to motor-memory stabilization depending on the practice schedule. One implication of these results is that the anatomical substrates underlying motor-memory stabilization (or their temporal operation) do differ depending on the practice schedule. It is important to understand these contributions since training strategies based on the contextual-interference effect have important clinical implications in neurorehabilitation. 
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